Objective: To determine the role of fruit and vegetable consumption and dietary intake of folic acid and related nutrients such as methionine, cysteine and alcohol in the aetiology of breast cancer. Design: Population based case-control study. Setting: Part of the European Community Multicentre Study on Antioxidants, Myocardial Infarction, and Cancer of the Breast (EURAMIC) in Berlin, Germany. Subjects As part of the EURAMIC study, dietary intake data were collected in 43 postmenopausal women diagnosed with breast cancer between 1 9 1 and 1992 in Berlin, Germany, and compared to 106 population-based controls. Results: Odds ratios (ORs) adjusted for major risk factors of breast cancer but not for total energy intake showed a non-significant inverse association between a high intake of vegetables (OR = 0.76, 95% CI = 0.48-1.20) and fruits (OR = 0.74, 95% CI = 0.48-1.15) and breast cancer. Once results were adjusted for total energy intake the associations became much weaker (vegetables: OR = 0.86, 95% CI = 0.51-1.46; fruits: OR = 0.82, 95% CI = 0.51-1.32). For all nutrients, the effect of energy adjustment was more profound and the inverse associations disappeared when results were adjusted for energy intake (total folate-not energy adjusted: O R = 0.79, 95% CI=O.51-1.21; energy adjusted: OR= 1.14, 95% CI=0.73-1.79; folate equivalents-not energy adjusted: OR = 0.81, 95% CI = 0.53-1.23; energy adjusted: O R = 1.16, 95% CI = 0.78-1.74; methionine-not energy adjusted: OR = 0.60, 95% CI = 0.35-1.03; energy adjusted: OR= 1.29, 95% CI =0.76-2.19; cysteine-not energy adjusted: OR = 0.52, 95% CI = 0.29-0.94; energy adjusted: OR = 1.22, 95% CI = 0.75-1.97). Alcohol intake was inversely associated with breast cancer in a nonsignificant way, possibly due to the relatively low alcohol intake of the study population.
Breast cancer is the most prevalent cancer in women and the second leading cause of cancer deaths in women'. A positive family history is one of the few established risk factors for the disease, however, a lot of controversies exist concerning other major risk factors. Considering the large differences observed in breast cancer incidence rates worldwide2 and changes in the incidence among populations migrating from low-to high-incidence areas, it has been postulated that dietary habits may play an important role in the aetiology of the disease3. While a lot of attention has previously been given to the role of dietary fat and alcohol intake4, recent research suggests that vegetable and fruit consumption may be even more important5. However, the factors which are responsible for the protective effect of a diet high in fruits and vegetables are still mainly unknown.
There is some evidence that high carotenoid intake6-" or high intake of antioxidant vitamins5*',' is associated with a reduced risk of breast cancer, but study results have not always been consisand other constituents of fruits and vegetables may be important as well. Fruits and vegetables are major sources of folic acid in the diet and thus folic acid could be one of the constituents which is responsible for the inverse association tent6.9. 10.12-22 'Corresponding author E-mail LenoreK@unc.edu observed between intake of vegetables and fruits and risk of breast cancer.
A role for folic acid in cancer aetiology is supported by its biological functions. Folic acid is required for the biosynthesis of purines and needed for the methylation of uridylate to thymidylate. Thus, inadequate folic acid availability can disrupt nucleotide synthesis and may cause DNA damage. Folic acid is also important for DNA methylation and abnormal methylation may affect gene regulationz3. Therefore, it was the aim of this study to observe whether folic acid and other nutrients which affect methyl-group availability in the diet such as alcohol and methionine are associated with breast cancer and whether an inverse association between folic acid and breast cancer could explain any protective effect observed for high intakes of fruits and vegetables.
Subjects and methods

Study population
Data were collected in conjunction with a larger casecontrol study on risk factors for postmenopausal breast cancer conducted in five European centres (EURAMIC -European Community Multicentre Study on Antioxidants, Myocardial Infarction, and Cancer of the Breast). For a detailed description of the study design see Kardinaal et al. 24 . Included in this report are postmenopausal women (no periods during the past 24 months), aged 38-80 living in East and West Berlin. Written, informed consent was obtained from all women and the study protocol was approved by the ethics committee of the Federal Health Office (BGA).
Cases of incident breast cancer (International Classification of Diseases (ICD) code 174) were recruited in the surgical units of three major hospitals in Berlin in 1991-1992. Breast cancers had to be histologically classified as ductal carcinoma, with primary tumours less than 5cm, axillary lymph node stage < N3 and no clinical indication of distant metastases at discharge. Further inclusion criteria for cases and controls were: no changes in the use of dietary supplements containing a-tocopherol, @-carotene and selenium; no new or altered dietary prescription by the general practitioner in the past year (except for prescribed changes to energy-restricted or low-sodium diets); no weight loss over 5 kg in the past year; no history of treatment for alcohol or drug abuse; and no major psychiatric disorders or institutionalization. Controls were selected at random, frequency matched by age according to 5-year intervals, from registry lists representing the areas of draw for the cases. Selected controls were first contacted by a short letter followed by a telephone call to make an appointment for a visit at the study centre. The response rate (i.e. number of eligible subjects interviewed divided by the number of invited persons) was 75% for the cases and 45% for the controls.
Data collection
Self-administered questionnaires were used to collect information on weight, height, smoking habits, alcohol intake, socioeconomic status, family history of breast cancer (defined as having at least one first-degree relative (mother, sister, daughter) with breast cancer), and reproductive history including age at menarche, age at pregnancy, parity, use of oral contraceptives, use of supplemental hormones and age at menopause.
In addition, diet during the previous year was assessed using an interviewer administered automated diet history which prompted questions about habitual diet meal by meal. The programme has been validated against long-term dietary intakes using 7-day dietary records in a German population. The reproducibility of the method measured on 47 individuals, 17-73 years of age was found to be good. The unadjusted correlation coefficients were generally between 0.6 and 0.7 and energy adjustment generally strengthened the results. The data set created from the diet history programme included information on the frequency of consumption of 201 food items (open list) and the amount typically consumed when the food was eaten by subject identification number. Dietary intake data were available for 43 cases and 108 controls.
Food intake and nutrient composition data
Total fruit and vegetable intake was calculated by multiplying the amount typically consumed with the frequency of consumption of a specific food. Then total consumed amounts of all foods of a specific group such as fruits or vegetables were summed to give the total amount of fruit and vegetable consumption per person. Prepared dishes that contained mainly vegetables, such as vegetable salads, were included in the vegetable category. Mixed dishes that contained only small amounts of vegetables (e.g. pasta with tomato sauce, pizza or soups) were not included in the total vegetable consumption variables. Two variables were created for total vegetable consumption, one including potatoes and potato dishes, the other excluding them.
Nutrient composition of foods was derived from the German Federal Food Code (BLS) nutrient database (version 11.2 
Statistical analysis
Relative risks of breast cancer were estimated with odds ratios (OKs) and 95% CIS comparing the difference in risk associated with a unit change corresponding to a move from 25th to 75th percentile of nutrient intake. Percentiles were calculated using data from cases and controls combined. ORs were calculated with unconditional logistic regression. To assess the potential for confounding, adjusted ORs were calculated using multiple logistic regression. The following variables were included in the models since they were the most important predictors of breast cancer risk in this data set: age, body mass index (BMI), age at menarche, nulliparity (yedno), smoking status (current smoker, ex-smoker and never smoker coded as two indicator variables), exogenous hormone use (yes/no) and socioeconomic status (SES) coded as two indicator variables. Age at menopause, age at pregnancy and family history of breast cancer (i.e. diagnosis of breast cancer in mother, sister or daughter) (yes/no) did not predict breast cancer and were, therefore, not included in the final adjusted model. Because folate, methionine and cysteine intakes were highly correlated with energy intake, energy adjusted nutrient intakes were calculated using residuals from a linear regression of the nutrient on total energy intake after both had been transformed into logarithmsz9. To obtain meaningful units the antilogarithm of the residuals was taken after the mean of the logarithmic nutrient intake had been added to the residuals. All ORs are reported for energy adjusted and unadjusted nutrient intakes. In addition to using the continuous nutrient intake variables, tertiles of unadjusted and energy adjusted nutrient intakes were created and models were run using two indicator variables to describe the tertiles of nutrient intake. Since the obtained results were not materially different from the results using the continuous variables, only the continuous analysis is shown here.
Results
Altogether 49 breast cancer cases and 109 controls were included in the study. Since dietary information was missing for six cases and one control and information for some covariates was not available for two control subjects, ORs are generally reported for 43 cases and 106 controls to be able to compare crude and adjusted ORs. ' chi-square test for three level SES variable.
* n = 91 for controls and n = 41 for cases. Table 1 shows the distribution of breast cancer cases and controls by age, BMI, weight, height, age at menarche, age at menopause, smoking status, SES, family history of breast cancer, exogenous hormone use (either oral contraceptive use or oestrogen replacement therapy) and nulliparity. Table 2 describes the median and ranges for the dietary intake variables of interest in this study by casecontrol status of the subjects. Total caloric intake was the only variable which differed significantly between cases and controls. The median intake for the cases was 1797 kcal day-' while it was 1973 kcal day-' for the controls. Total fruit and vegetable intake as well as folate, methionine, cysteine and alcohol intake all tended to be lower in cases than in controls but none of these differences reached statistical significance. These tendencies may have resulted from the fact that food and nutrient intakes were highly correlated with energy intake ( Table 3) . Table 4 shows the results for the relationship between breast cancer risk and fruit and vegetable intake modelled as a continuous variable. When total fruit and vegetable intake was not adjusted for total energy intake a higher intake seemed to be moderately protective for breast cancer although none of the ORs reached statistical significance. After adjustment for total energy intake the protective trend was much weaker.
Vegetables and fruits were the major sources of folate in the diet. An average of 37% of total folate intake was supplied by vegetables and 20% by fruits. Grain products and cereals contributed 24% of total folate 
P-value'
Total fruit intake (g day-') Total vegetable intake (g day-') Total vegetable and potato intake (g day-') Total calories (kcal day-') Total calories (kJ day-') Total folate intake (pg day-') Folate equivalents intake (pg day-') Methionine intake (rng day-') Cysteine intake (mg day-') intake. Respective percentages for intake of folate equivalents were 30%, 1Y/o and 27% for vegetables, fruits and grain products. Methionine was supplied by a variety of different food sources. The most important ones were meat (42%), milk products (lY/o), grain products and cereals (140/0), fish (8%) and vegetables (7%). Cysteine was also supplied by a number of different foods such as meat (34%), grain products and cereals (28%), milk products (12%), vegetables (7%) and eggs (6%). Table 5 shows the ORs for the association of energy, folate, methionine, cysteine and alcohol intake with breast cancer. Total caloric intake was negatively associated with breast cancer risk (OR = 0.50, 95% CI = 0.29-0.85). Total folate, folate equivalents, methionine and cysteine intakes also showed negative association with breast cancer when they were not adjusted for total energy intake but only the OR for cysteine reached statistical significance. Adjustment for total energy intake removed all signs of an inverse association with breast cancer for each of these nutrients. The association between alcohol intake and breast cancer risk was negative but not statistically significant. Since alcohol intake was not correlated with energy intake, energy adjusted intakes have not been calculated. Since folate and methionine intake both influence methyl-group availability, categories were created to represent diets with a low, intermediate and high methyl-group availability. A high folate and high methionine diet was inversely associated with breast cancer (OR = 0.43, 95% CI = 0.17-1.11 using total folate; OR = 0.40, 95% CI = 0.16-1.03 using folate equivalents). When dietary intakes were adjusted for total energy intake, however, the inverse association disappeared and a diet high in folate and methionine showed a moderate though not statistically significant positive association with breast cancer (OR = 1.20, 95% CI~0. 44-3.22 , using total folate; OR= 1.11, 95% In this study, total fruit and vegetable consumption as .40-3.09 , using folate equivalents) ( Table 6 ).
well as intakes of folic acid, methionine and cysteine ' cases n = 43, controls n = 106.
Discussion
Percentile intake values: energy intake (kcal day-') 75th: 2220,25th: 1560; total folate (p? day-') 75th: 271, 25th: 170; folate equivalents (pg day-') 75th: 174, 25th: 105; methionine (mg day-) 75th: 1901, 25th: 1241; cysteine (mg day-') 75th: 1118, 25th: 733; alcohol (g day-') 75th: 5.1, 25th: 0.1; energy adjusted total folate (pg day-) 75th: 262,25th: 182; energy adjusted folate equivalents (pg day-') 75th: 168.25th: 117; energy adjusted rnethionine (mg day-') 75th: 1727,25th:1367; energy adjusted cysteine {mg day-') 75th: 985, 25th: W .
Adjusted for age, BMI, exogenous hormone use, age at menarche, nulliparity, smoking status (current smoker, ex-smoker), SES.
B Thorand et nl. Low nutrient intake category refers to nutrient intake below or equal to the median intake, high nutrient intake category refers to intake above the median; median values are: total folate (207pg day-'). folate equivalents (132pg day-'). methionine (1529 mg day-'), energy adjusted total folate (223pg day-'). energy adjusted folate equivalents (138pg day-'), energy adjusted methionine (1504 mg day-).
were negatively associated with breast cancer, however, once results were adjusted for total energy intake the association disappeared in most cases or became much weaker. Thus, the central question for the interpretation of the results is whether or not it is necessary or appropriate to adjust for total energy intake. In this context, the reasons for the observed difference in total energy intake between cases and controls need to be considered first. In the absence of methodological errors, four main factors are generally associated with total energy intake: body size, metabolic efficiency, net energy balance and physical activity". In this study, cases had a higher BMI and were slightly heavier than controls but the absolute differences were small and probably did not reflect considerable differences in energy intake. Furthermore, any confounding effect of BMI should have been in the opposite direction than the observed difference.
Subjects were excluded from participation in the study if they had lost more than 5 kg in the past year, thus substantial weight loss in the case group could not account for the observed difference, however, controls could have gained weight during the past year. Since weight gain is associated with an increased risk for breast cancer in postmenopausal women" it would be more likely, however, that cases gained weight. Therefore, this factor is unlikely to explain the lower energy intake of the cases. Since we do not have any data o n the metabolic efficiency and epidemiological studies generally d o not assess this factor it is impossible to evaluate its importance. Physical activity seems to be the most important explanation for between-person differences in energy intake3'. We do not have any information on the physical activity level of cases and controls in this study, but there is some evidence in the literature that reduced physical activity is associated with an increased risk for breast ~ance?~-~'. Therefore, different physical activity levels between cases and controls could (partially) explain the observed difference in energy intake. In addition, methodological errors such as recall bias or selection bias could have influenced the reported energy intake.
If the observed differences in energy intake reflect true differences or if the cases generally underreported their intake of all foods and if, in addition, not the absolute nutrient intake but rather the composition of the diet is important, it would be appropriate to adjust for total energy intake in the analysis. If the case group, however, selectively underreported their intake of fat and/or alcohol, which are major contributors to caloric intake, adjustment for energy intake would lead to a distortion of the association between disease and other foods and nutrients such as fruits, vegetables, folic acid and methionine, because mistakes in the assessment of fat or alcohol would be carried over by energy adjustment to the foods and nutrients of primary interest. Since it is impossible to identify the source of the observed differences in energy intake between cases and controls with certainty, it is unclear whether energy adjusted or unadjusted analyses are more appropriate. Results from both analyses are, therefore, reported here. This example shows the importance of considering the implications of total energy intake in the analysis of nutrient-disease relationships. This is often not done in nutritional epidemiological studies. Studies which use a food frequency questionnaire with a limited amount of food items to assess dietary intake are often especially unable to derive an accurate measure of total caloric intake. Differences in dietary assessment methodology and ways in which total energy intake is taken into account may, therefore, explain some of the different results concerning consumption of fruits and vegetables and related nutrients such as vitamins and fibre and risk of breast cancer.
A number of studies observed that a high intake of vegetables is associated with a reduced risk of breast cancer5,9, 15.37-40 but an approximately equal number of studies did not find such a r e l a t i o n~h i p '~~'~-'~~~~~~~. "~. The association between a high intake of fruits and risk of breast cancer has generally been weaker and only borderline significant in many ~t u d i e s~*~* . '~~'~~'~ and various studies did not observe any association between intake of fruits and risk of breast ancer10, 16.18.22,38 or a tendency for an increased risk of breast cancer at high intakes of certain fruits". The same mixed results have been obtained for vitamins whose intake is associated with fruit and vegetable consumption. Some researchers found a protective effect for carotenoids6-", vitamin A'2.22*"3, vitamin C5.7 and vitamin E587'2' while others did not find any effect of carotenoids13. 16-19,21,44 , vitamin ~6,9,14-16.1X-L1 vitamin c9,10.12.16.18,22 and El0.16.19.22.44 . Study results for the effect of dietary fibre on breast cancer risk have also been mixed. Some studies either observed a direct inverse association between fibre intake and breast cancer risk or found that intake of grain and cereal products was negatively associated with breast cancer risk5z '5,40,44-46 . However, other investigators did not observe any a s s~c i a t i o n ' "~~)~~~ or study results were inconclusive7~9~10~3X.
Since vegetables, fruits and foods high in fibre such as grain products also contain large amounts of folic acid, we postulated that folic acid might be one of the specific components of these foods contributing to the protective effect. So far, only two studies have examined the effect of folic acid intake on breast cancer risk. Graham et al.' observed an inverse association between folic acid intake and breast cancer in postmenopausal women, but the effect was confined to the highest quartile of folate intake (not energy adjusted: OR = 0.70, 95% CI = 0.48-1.02); energy adjusted: OR = 0.72, 95% CI = 0.46-1.12).
Freudenheim et ~1 .~
reported a strong inverse association for folic acid from foods in premenopausal women (OR = 0.50, 95% CI = 0.31-0.82 for highest quartile of intake; adjusted for various covariates and energy intake), but no association for folic acid from supplements.
Considerable biochemical evidence supports a role of folic acid and related nutrients in the aetiology of cancer. DNA methylation abnormalities seem to be early stages in the neoplastic process. Gene expression is regulated by DNA methylation patterns and there is some evidence that hypomethylation of proto-oncogenes may contribute to their increased e x p r e s s i~n "~~~ while hypermethylation of tumour-suppressor genes can lead to their i n a c t i~a t i o n~~-~' .
Therefore, one possible mechanism of how folic acid and other nutrients which affect methyl-group availability, such as vitamin B12, methionine, choline and alcohol, could affect carcinogenesis is their potential impact on patterns of DNA m e t h y l a t i~n~~,~~-~~.
Several other mechanisms may explain a role of folic acid in oncogenesis. Folic acid deficiency can lead to misincorporation of uracil into DNA and may promote the in situ formation of uracil in DNA through deamination of cytosine. Such substitutions interfere with the normal interaction between DNA and the proteins that maintain the condensed structure of the chromosomes, leading to decondensed chromosomes which may be more susceptible to DNA damage'"''. Though nearly all cells have repair mechanisms which remove uracil from DNA, higher repair rates increase the rate of double-strand DNA breaks. This in turn leads to a greater chance of translocations, deletions, rearrangements and duplications which can activate proto-oncogenes or inactivate tumour-suppressor genes and thereby promote carcinogenesis@'. Severe folate deficiency might also suppress the ability o f natural killer cells to destroy dysplastic o r cancerous ce~s"".
Since alcohol may affect the metabolism of folic acid65 and has previously been associated with the risk of breast cancerH' we were particularly interested in assessing a combined effect of folic acid and alcohol intake. Our hypothesis was that women with a low folic acid and a high alcohol intake would have the highest risk of breast cancer. However, we did not see such an effect (data not shown). This may have been due to the low alcohol intake in this group of postmenopausal women. The median intake was only 2.3 g day-' in the controls and 1.7 g day-' in the cases. An alcohol intake above 12 g day-', which is approximately equivalent to 1 drink day-', was reported by only 9.4% of all women and only 0.7% reported an intake above 30 g day-'. Various studies have shown different results concerning the effect of moderate intakes of alcohol. In his meta-analyis of 38 epidemiological studies on alcohol consumption and risk of breast cancer, Longnecker6' observed a dose-response relationship and calculated a relative risk (RR) of 1.10 for an alcohol intake of 13 g day-' (1 drink day-'). However, Howe et al.@ found no association between breast cancer risk and alcohol consumption below 40 g day-', while the risk for those who consumed 2 4 0 g day-' was considerably increased compared to non-drinkers (RR = 1.69, 95% CI = 1.19-2.40). In The Netherlands cohort studyb9 a considerable increase in risk was also only seen at intakes of 30g or more per day. Thus, the level of alcohol consumption in our study population may have been too low to observe any significant alcohol effect.
Since the metabolism of methionine is also tightly connected to the metabolism of folic acid, we also assessed the association of methionine intake with risk of breast cancer and examined the interaction between folic acid and methionine intake. To our knowledge the role of methionine in the aetiology of breast cancer has not been assessed in previous studies. However, various studies examined the effect of protein intake. Overall, there is no strong evidence for an association between protein intake and breast cancer risk'5, but it may be possible that certain types of protein or specific foods rich in protein are associated with breast cancer risk. Animal protein intake was found to be positively associated with breast cancer risk" and a few studies observed an increased risk of breast cancer at high meat We focused on the role of folic acid, methionine and alcohol in the aetiology of breast cancer and did not consider vitamin B12 or choline in spite of their involvement in methyl-group availability due to the following reasons: in reasonably well-nourished intakes" 18.38. 70 elderly populations vitamin BIZ status mainly depends on vitamin B12 absorption and not on vitamin BI2 intake" and thus the dietary intake data available in this study would not be very informative. It seems unlikely that cases and controls differed in their ability to absorb vitamin B12, but we cannot totally exclude that a difference in vitamin B I 2 status and its effect on folate metabolism could have influenced the results of this study. Choline was not considered because it is widespread in the food supply and the normal human diet seems to provide sufficient ~holine'~.
A number of potential confounding factors such as age, BMI, family history of breast cancer, exogenous hormone use, age at menarche, age at menopause, nulliparity, smoking, SES and total energy intake were considered in the analysis. On the whole adjustment for these potential confounders -apart from total energy intake -did not have a significant effect on the observed associations between nutrient intake and breast cancer risk. Thus, it seems unlikely that other potential confounders would have had a large effect, although we cannot be absolutely sure about this. We did not have any information on levels of physical activity. Total energy intake could be a surrogate for physical activity and therefore, adjustment for total energy intake may have taken this factor into account, but this remains speculative. Furthermore, no information on use of folic acid containing supplements was available. Since use of vitamin supplements was not very common in Germany at the time when the study was conducted, however, this probably did not lead to a considerable distortion of the results.
One other issue deserves further consideration. In this study, we assessed only diet during the previous year although exposure during earlier time periods may have been more relevant. If folic acid or other components of fruits and vegetables have an effect on cancer initiation the relevant time of exposure may have been about 20-30 years ago. If these nutrients, however, affect tumour promoters or inhibitors, exposure during the more recent years could have been important. Assessment of dietary habits in the distant past has several methodological problems and often use of current diet may be a reasonable surrogate for past dietary habits, however, profound dietary changes in the studied population could lead to a distortion of the observed effect3".
In conclusion, this study does not provide convincing evidence for an inverse association between a diet high in fruits, vegetables, folic acid, methionine or cysteine and risk of breast cancer. However, such an association can also not be excluded. Several issues complicate the interpretation of the study results, the most important one being the large difference in energy intake between cases and controls. Since there is convincing biochemical evidence for a role of folic acid -and possibly related nutrients -in oncogenesis, future studies which have a larger study population and also assess physical activity levels should address the role of these nutrients in the aetiology of breast cancer.
